Abstract-This research improved the PAE(Power Added Efficiency) of a Doherty amplifier using dual bias control and PBG structure. A PBG(Photonic BandGap) structure was used to implement on output matching circuit and dual bias control was applied to improve the efficiency of a Doherty amplifier at a low input level by applying it to a carrier amplifier. A Doherty amplifier using the proposed structure improved PAE by 9% and 5 dBc of IMD 3 (3rd Inter-Modulation Distortion) compared to that of a conventional power amplifier.
The significance of high output amplifiers in wireless communication has been emphasized due to the rapid distribution of mobile communication systems. The current high power amplifiers (HPA) require high power added efficiency and linearity [1] . In a solution for the linearity of conventional power amplifiers, various methods, such as back-off, feedback, predistortion, feedforward, and PBG, have been used. Among these methods, feedforward and predistortion methods have exhibited the disadvantage of requiring additional elements. Thus, a PBG based method has been used to implement linearization [2, 3] . Doherty amplifier exhibits problems in linearity although it improves PAE [4, 5] .
This paper implemented a DC voltage control for drain and gate and PBG structure for the output matching circuit of a Doherty amplifier. The circuit has been based on a dual bias control under the conditions that a class-A or class-AB carrier amplifier had certain degradations in linearity due to saturation when a class-B or class-C peaking amplifier was operated. It is possible to improve the problem of PAE and IMD 3 in a power amplifier and characteristics occurring in non-linearity, simultaneously. In addition, there is a possibility that it may improve performance by more than 30% on all bandwidth for input signals.
THEORY AND DESIGN OF DUAL BIAS CIRCUITS
PAE can be expressed as Equation (1)
A method that controls bias voltages relative to the scale of input RF signals in order to improve PAE. There are many kinds of improving linearity of HPA as follow : The voltage of drain or gate can be controlled and both voltages can be controlled, simultaneously [6, 7] . This paper has been used a dual bias control circuit that controlled both drain and gate voltages in which an envelope detector using an AD8313 Analog Device with an excellent linearity and temperature insensitivity.
As shown in Figure 1 (a), (b) although the output voltage was produced according to the scale of input RF signals through an envelope detector, the voltage was adjusted through OP-Amps as illustrated in Figure 1 (c). As shown in Figure 2 , according to the increase in input power, a bias control circuit was fabricated in this research using a directional coupler due to the decrease in the final gate and drain DC value from a class-AB to class-C voltage and class-B to class-C.
THEORY AND DESIGN OF PBG
Using a PBG structure, the forming of a stop band could be estimated based on the frequency that corresponded to 2Λ in the Bragg grating principle. It was possible to form a stop band at a desired point based on this PBG structure. The grating phase Λ can be noted as Equation (2) where λ g is the wavelength of the wave induced from a microstrip line structure and calculated using the effective permittivity and center frequency of a desired stop band as expressed in Equation (3).
where ε r, ef f (f ) is the effective refraction index of the center frequency of a stop band in a microstrip structure. HFSS 8.0 by Ansoft was used as a simulation tool in order to design the PBG. As illustrated in Figure 3 , the PBG was designed to obtain a minimum signal decreasing at a center frequency of 2.14 GHz that was exhibited as S 21 = −1.2 dB. In addition, it was designed to obtain S 21 = −39.4 dB levels at a secondary harmonic frequency of 4.28 GHz in order to decrease a harmonic frequency that significantly affects nonlinearity. 
DESIGN OF A DOHERTY AMPLIFIER USING A DUAL BIAS CIRCUIT AND PBG STRUCTURE
A Teflon board with a permittivity of 3.2 was used in this research. In addition, ATF34143 of Agilent has been used in HPA. A loadpull simulation using ADS2005 was applied to determine an output matching point. Then, a Doherty amplifier has been designed using output matching according to this output matching point [8] . Figure 4(a) illustrates the implementation of an output matching circuit including the PBG in an offset-line when the output matching circuit was produced by determining the loadpull matching point of the power amplifier. Based on these processes, a Doherty amplifier was designed to using the PBG in order to improve linearity. At first, a class-AB power amplifier was designed as a reference amplifier in order to compare it with this research. As shown in Figure 4(b) , an output of 19.45 dBm was obtained from the 1-tone measurement in this reference amplifier in which the power efficiency and IMD 3 characteristics were 27.12% and −27.45 dBc, respectively. This paper proposes a structure that improves the PAE of a Doherty amplifier by applying dual bias control designed using OP-Amps to control the voltage of an envelope detector based on a Doherty amplifier that uses the previously proposed PBG. Figure 5(a) illustrates the fabricated Doherty amplifier using a dual bias circuit and PBG structure. DC voltages were generated through an envelope detector according to each input level and were applied to a power amplifier with different amplification rates through OP-Amps in order to configure the bias of gate and drain. In addition, it improved linearity by removing the 2nd harmonic using an additional PBG structure as an offset-line. As shown in Figure 5 (b), the Doherty amplifier using the proposed dual bias control and PBG structure exhibited an output of 24.09 dBm, efficiency of 36.28%, and IMD 3 characteristic of −32.47 dBc. In addition, it was evident that if an class-AB was used as a reference amplifier at an input of 10dBm as illustrated in Figure 5 (c), the Doherty amplifier using the proposed dual bias control and PBG structure showed a roughly 9% increase in output compared to that of the reference power amplifier.
In addition, this research achieved the flatness in PAE for all input power level. Because gate and drain voltage could be changed by controlling dual bias at the bias point of a carrier amplifier according to the input power, it was possible to obtain more than 30% efficiency at a low input power level compared to three other power amplifiers from the operation point of an actual amplifier. Table 1 show the voltage variation in each gate and drain bias according to the input power level with a value from 0 to 10 dBm. Table 2 notes the comparison between output power, PAE and IMD 3 for each power amplifier. 
CONCLUSION
In order to increase the power efficiency of a power amplifier, this paper proposed an operational power control method for an amplifier to control gate and drain voltage according to the scale of input signals. This was achieved by employing a proposed dual bias control and structure that improved linearity by applying a PBG structure played the role of a wideband stop band filter at the output port of a power amplifier. Output of the amplifier designed by the proposed method exhibited more improved power efficiency than that of the class-AB, classical Doherty amplifier, and Doherty amplifier using a PBG structure. In addition, it was more than 30% efficiency at a low input power. Furthermore, power efficiency increased approximately 9% according to an input power of 10 dBm compared to the proposed class-AB based structure. The IMD 3 characteristic improved approximately 5 dBc. Moreover, it was evident that the designed structure showed more than a 30% increase in efficiency for flatness and high characteristics for all input power level. In the future, this method will be applied to a power amplifier with high output power.
